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2.1. The learning city 
3URRIRIOHDUQLQJLVGHPRQVWUDWHGWKURXJKDGDSWDWLRQDQGGHYHORSPHQW7KLVDELOLW\LVDFTXLUHGWKURXJKSURFHVVHV










DQG SODFHV ZKHUH LQWHUDFWLRQV KDSSHQ DUH G\QDPLF DQG UHVSRQVLYH WR FKDQJLQJ XUEDQ FRQGLWLRQV 7KH FLW\ LV
PRUSKRORJLFDOO\ LQWHUDFWLYH 7KH HQYLURQPHQW LV IRUPHG E\ DQG LQIRUPV WKH V\VWHPV LW IDFLOLWDWHV DQG DFWV DV D
PRUSKRJHQHWLFILHOGIRUWKHLQIRUPDWLRQZLWKLQ6XFKDILHOGFDQHQDEOHFHUWDLQVWUXFWXUHVERUQHRXWRIDSDUWLFXODU
FODVVRILQIRUPDWLRQWRH[SUHVVWKHPVHOYHVPRUHRUOHVVVWURQJO\±WRSURVSHURUQRW
2.2. Morphogenetic Fields 
0RUSKRJHQHWLFILHOGVDUH³«UHVSRQVLEOHIRUWKHFKDUDFWHULVWLFIRUPDQGRUJDQL]DWLRQRIV\VWHPVDWDOO OHYHOVRI
FRPSOH[LW\QRWRQO\LQWKHUHDOPRIELRORJ\EXWDOVRLQWKHUHDOPVRIFKHPLVWU\DQGSK\VLFV7KHVHILHOGVRUGHUWKH




7KHYLHZ WKDWGLIIHUHQWHQYLURQPHQWVZLOO FDXVHVLPLODU µRUJDQLVPV¶ WRGHYHORS LQ IRUPDOO\GLIIHUHQWZD\VE\







2.3. Historical knowledge as developmental restraint 
+LVWRU\KDVSURYLGHGPDQ\H[DPSOHVRIXUEDQUHJXODWLQJHQYLURQPHQWV&URVVERUGHUH[FKDQJHVRILQIRUPDWLRQ








LQ WKH W\SHV RI WHUULWRULHV IDFLOLWDWHG WKURXJK WHFKQRORJLFDO DGYDQFHV LQ FRPPXQLFDWLRQ &LWLHV KDYH KLVWRULFDOO\
SURYLGHG WKH VRFLDO VSDFHV RI KXPDQ LQWHUDFWLRQ +XPDQ VRFLDO LQWHUDFWLRQ KDV EHFRPH PRUH QXDQFHG PRUH
GLVWULEXWHGDGGLQJQHZLQVWDQFHVDQGVFDOHVRIVSDFHLQYLVLEOH\HWVXSHULPSRVHGRQDQGGLVUXSWLYHWRWKHKLVWRULFDO
FLW\7KLVLVFDXVLQJWUDGLWLRQDOSK\VLFDOXUEDQVSDFHVWREHUHSXUSRVHGDQGDGDSWHGWRIDFLOLWDWHRWKHUQRQSK\VLFDO
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VSDWLDO WHUULWRULHV ,QIRUPDWLRQ ZH DUH DEOH WR FROOHFW DERXW WKHVH VSDFHV LV FROOHFWHG WKURXJK D K\EULG
KXPDQWHFKQRORJLFDOVHQVRU\DSSDUDWXVWKH,R0H,QWHUQHWRI0H%DUNHU+7KLVVLWXDWLRQKDVFUHDWHGDQ
LPSRVVLEO\FRPSOH[ZLFNHGDQGHQWDQJOHGPDWUL[RIYLUWXDOPDWHULDODQGWHPSRUDOVRFLDOVSDFHV
2.4. Wicked complexity 
5LWWHO DQG:HEEHU  KDYH GHILQHG VRFLDO VSDFHV DQG WKHLU LQKHUHQW FRPSOH[LWLHV DV µZLFNHG¶ ,Q WKHLU
Dilemmas in General Theory of Planning,WKH\GHVFULEHGWKHSODQQLQJGLIILFXOWLHVDVVRFLDWHGZLWKVXFKVSDFHV7KH
DXWKRUVPDNHWKHFDVHWKDWQHZPHWKRGVDUHQHHGHGWRDSSURDFKZLFNHGFRPSOH[LVVXHV:LFNHGFRPSOH[SUREOHPV
FRPPRQWRXUEDQSODQQLQJRIWHQKDYHERWKLOOGHILQHGLQWHUUHODWHGFDXVDOLWLHVDQGREMHFWLYHV,WLVGLIILFXOWWRHYHQ




















3.1.  A complex adaptive system 
7KH FLW\ DQG LWV IRUP DUH G\QDPLF DQG H[LVW LQ WKH K\SHUWLPH DQG KHWHURVSDFH RI WKH IORZ DQG H[FKDQJH RI
LQIRUPDWLRQWKURXJKVHPLDXWRQRPRXVDJHQWV³«DFLW\LVDSDWWHUQLQWLPH1RVLQJOHFRQVWLWXHQWUHPDLQVLQSODFH
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3.2. Emergent forms and systems 
&RPSOH[LW\FRPHVDVHOHPHQWVRIDV\VWHPEHFRPHLQFUHDVLQJO\LQWHUGHSHQGHQW³7KHEHKDYLRXURIPDQ\FRPSOH[
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,QQRYDWLRQ KDSSHQV ZKHQ DGYDQFHV LQ WHFKQRORJ\ LQWHUDFW ZLWK VRFLHW\ FDXVLQJ VWUXFWXUDO SURFHGXUDO DQG




























4.2 State space and the stochastic system 
³7KHPRVWFRPPRQNLQGRIPRGHOXVHGIRUVWXG\LQJUHJXODULWLHVLQSK\VLFDOV\VWHPVLVDµ6WDWH6SDFH¶´%DUZLVH
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HIILFLHQWO\JHWWKHPRVWUREXVWUHVXOWV7KHPRVWSURPLVLQJGDWDVHWVLQµFLWLHV
ZLWKWDQJLEOHDQGLQWDQJLEOHWHUUDLQVDV
ZHOO DV GLVWULEXWHG SRZHU VWUXFWXUHV DUH WKH GDWD VHWV RI HQYLURQPHQWDO LQWHUIDFHV RUJDQL]HG E\ EHKDYLRXUV
(QYLURQPHQWVFDQEHSK\VLFDORUYLUWXDOGHILQHGRUDPRUSKRXVDQGSURYLGHQHFHVVDU\VWUXFWXUHVWRIDFLOLWDWHWKHKXPDQ




'HVLJQLQJ DQ\ W\SH RI UHVHDUFK UHTXLUHV D FULWLFDO DQDO\VLV RI WKH SURFHGXUHV QHFHVVDU\ WR DWWDLQ GHVLUHG
LQIRUPDWLRQ7KHZD\LQZKLFKDQLQTXLU\LVPDGHDOUHDG\OLPLWVWKHSRVVLEOHRXWFRPHV,WLVFUXFLDOWKDWSURFHGXUDO
DIILQLWLHVOLNHQHVVEHWZHHQSURFHVVHVDQGV\VWHPVDUHDQDO\]HG0DQ\ELRORJLFDODQGVRFLRORJLFDOSURFHVVHVEHKDYH
LQ D QRQOLQHDU IDVKLRQ DQG H[SUHVV LQVWDQFHV RI VLPXOWDQHLW\ DQG HPHUJHQFH 7KH\ UHVLGH LQ DQ RSHQ V\VWHP
FRQVLVWHQWO\ VXEMHFWHG WRPDVVLYH XQNQRZQYDULDEOHV DQG DUH WKHQ FRPSHOOHG WR DGDSW WR QHZ FRQGLWLRQVZLWKRXW











SRLQW WKHPDWHULDO DQGPDLQWHQDQFH H[SHQGLWXUHQRW WRPHQWLRQ WKHSHUIRUPDQFHRI WKH H[WHQGHG VHZHUEHFRPH
XQVXVWDLQDEOH,QDPRUSKRORJLFDOFKDQJH WKHVDPHQXPEHURISHRSOHPRYH LQWRKLJKULVHKRXVLQJDQG WKHVHZHU
SLSLQJLVUHVL]HGDQGFDQDFKLHYHPDWHULDODQGIXQFWLRQDOHIILFLHQFLHV7KLVLVFKDQJHEDVHGRQGHVLUHGSHUIRUPDQFH
7KHVFDOLQJRIFLWLHV LVDQDORJRXVWR WKHVFDOLQJRIRUJDQLVPV%HWWHQFRXUWHWDOPDNHWKHFDVHIRU WKH
FRUUHODWLRQ RI VFDOLQJ IDFWRUV RI RUJDQLVPV DQG VFDOLQJ IDFWRUV RI FLWLHV GHVFULELQJ WKH QHFHVVLW\ RI DFFHOHUDWHG
LQQRYDWLRQLQRUGHUWRVXVWDLQJURZWK7KHDUJXPHQWLVPDGHWKDWLQRUGHUWRVXVWDLQWKHFLW\DVLWLQFUHDVHVLQVL]HQHZ







5.2 Waste and infrastructure 
$OWKRXJKZH¶YHEHHQGLVFXVVLQJWKHQDWXUHRIXUEDQLVPDVDG\QDPLFRSHQV\VWHPLWLVHVVHQWLDOWRUHFRJQL]HWKH
SULPDU\ OLPLWLQJ IDFWRUV RI FLW\ JURZWK ± UHVRXUFH DYDLODELOLW\7KH VPDOO VFDOH DJHQWV H[SHULHQFH WKHPRVW RSHQ
V\VWHPWKHODUJHUDV\VWHPEHFRPHVWKHPRUHLWLVERXQGE\LWVUHVRXUFHV³1RWKLQJJRHVLQRURXWRIWKHSODQHWDU\
V\VWHPH[FHSWIRUKHDWDQGWKHRFFDVLRQDOPHWHRULWH2WKHUZLVHIRUDOOSUDFWLFDOSXUSRVHVWKHV\VWHPLVFORVHGDQGLWV
EDVLF HOHPHQWV DUH YDOXDEOH DQG ILQLWH´ 0F'RQRXJK%UDXQJDUW  S ,Q WKH LQIOXHQWLDOZRUNCradle to 
CradleWKHFDVHLVPDGHWKDWLQRUGHUWRVXVWDLQRXUZRUOGZHPXVWLPLWDWHQDWXUH¶VPRGHO$QDWXUDOV\VWHPKDVQR
ZDVWHDWWKHPDFURVFDOH7KHZRUOGH[LVWVDVDFORVHGV\VWHPRIUHVRXUFHIORZ,IDQ\RIWKHUHVRXUFHVDUHVSRLOHG
WKH\EHFRPHXQDYDLODEOHRUSRLVRQRXV WR WKHRYHUDOO V\VWHP7KHUHPXVWEHQRZDVWH LI D V\VWHP LV WR UHPDLQ LQ
EDODQFH




FRQGLWLRQV RI VLWH DQG HFRQRP\ 'HVLJQLQJ IRU D VLQJOH FHQWUDOO\ RUJDQL]HG PDVVLYH LQIUDVWUXFWXUH LV QR ORQJHU
VXVWDLQDEOH 7KH DJLQJ LQIUDVWUXFWXUHV RI WKH FLWLHV RI WKH LQGXVWULDO UHYROXWLRQ GHPRQVWUDWH WKH YXOQHUDELOLW\ DQG
PDVVLYHFRVWQHFHVVDU\WRXSJUDGHDQGPDLQWDLQWKRVHV\VWHPV







HQWLWLHV EHKDYLQJ ZLWKLQ RSHQV\VWHPV ³«PDLQWDLQLQJ WKHPVHOYHV LQ D FRQWLQXRXV H[FKDQJH RI PDWWHU ZLWK
HQYLURQPHQW´YRQ%HUWDODQII\S:LWKLQDVXVWDLQDEOHXUEDQV\VWHPSHU0F'RQRXJKWKHUHFDQEHQR


















GH&HUWHDX  S  7DFWLFV DUH DFWLRQV FDXVLQJ HYHQWV WKDW WDNH DGYDQWDJH RI RSSRUWXQLWLHV WKURXJK JDSV
UHYHDOHGZLWKLQDJLYHQV\VWHP7DFWLFVGLVUXSWWKHHTXLOLEULXPRIDV\VWHP
































QRW RQO\ D FKDQJHGPRUSKRORJ\ GHPDQG RQ UHVRXUFHV DQG VHUYLFHV EXW DOVR FXOWXUDO DQG VRFLDO DGDSWDWLRQ DQG
LQWHJUDWLRQRIWKHUHVRXUFHVZRUNHUVWKDWPDGHJURZWKSRVVLEOH7KHUHDUHDIHZLQWHUHVWLQJSRLQWVKHUHUHODWHGWRRXU
WRSLF )LUVW WKDW ZHDOWK VRPHKRZ GHPDQGV JURZWK H[SDQVLRQ UHTXLUHV UDSLG LQQRYDWLRQ WKDW JURZWK LQZHDOWK
HQJHQGHUVLQWHQWWRLQYHVWUHVRXUFHVWRIDFLOLWDWHXUEDQJURZWKEHVWVXLWHGWRELRPLPHWLFSURFHVVHVWKDWXUEDQJURZWK









UHVRXUFHV IRU D JLYHQ UHJLRQ RU SRSXODWLRQ EDVHG RQ JHQHUDWLRQ DQG GLVWULEXWLRQ HIILFLHQFLHV 7KDW GHILQHV WKH
JHRJUDSKLFDOUHDFKRIWKHXUEDQV\VWHP6HFRQGVWDWHVSDFHPDSVRIWKHUDQGRPHYHQWVRIVWRFKDVWLFXUEDQSURFHVVHV
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
)LJ5HVHDUFKDUWLIDFWVIRUWDFWLFDOXUEDQSODQQLQJ
7KLVPHWKRGRORJ\DGGUHVVHV WKHXUEDQFRQGLWLRQDVDSURFHVV WKDW VDWLVILHVERWK WKHKXPDQRUJDQLVPDQG WKH




7DFWLFDO LQWHUYHQWLRQVZLWKWKHODUJHVW LPSDFWSRWHQWLDODUH LQ WKHVSDFHVRIDGDSWLYHHQYLURQPHQWDO LQWHUIDFHV
7KHVH VSDFHV DUH W\SLFDOO\ G\QDPLFDOO\ LQWHUIDFLQJ VSDFHV RI IORZV0XFK RI WKLV DSSURDFK ERUURZV DQG DGDSWV
PHWKRGVRIUHVHDUFKRQELRRUJDQLVPVDQGHFRV\VWHPV7KHSHUSHWXDOPRWLRQRIWKHVHV\VWHPVLQWHOOLJHQWO\DGDSWLQJ




%DUNHU+³+LYH'HVLJQIRU%LJ'DWD´LQ)XWXUHRI$UFKLWHFWXUDO5HVHDUFK$$NVDPLMD-+D\PDNHU	$$HGVProceedings of the 
AARCC 2015 Conference&KLFDJR,O3HUNLQV:LOOSS
%DUZLVH-	6HOLJPDQ-Information flow: the logic of distributed systems&DPEULGJH&DPEULGJH8QLYHUVLW\3UHVV
%HWWHQFRXUW/0/RER-+HOELQJ'.KQHUW&:HVW*%$SULO³*URZWKLQQRYDWLRQVFDOLQJDQGWKHSDFHRIOLIHLQFLWLHV´3URF1DWO
$FDG6FL86$'RLSQDV
%HUWDODQII\/YRQGeneral system theory: foundations, development, applications1HZ<RUN*%UD]LOOHU
%XUQV7	6WDONHU*0The management of innovation/RQGRQ7DYLVWRFN3XEOLFDWLRQV
&HUWHDX0GHThe practice of everyday life%HUNHOH\&DOLI8QLYRI&DOLIRUQLD3UHVV
'UHLVFK+Analytische theorie der organischen entwicklung/HLS]LJ:(QJHOPDQQ
*LOEHUW*1Agent-based models7KRXVDQG2DNV&$6DJH
+ROODQG-+Hidden order: how adaptation builds complexity&DPEULGJH0$+HOL[3HUVHXV
0F'RQRXJK:	%UDXQJDUW0Cradle to cradle: remaking the way we make things1HZ<RUN1RUWK3RLQW3UHVV
0F*UDWK%3LFNHWW67$³7KH0HWDFLW\$&RQFHSWXDO)UDPHZRUNIRU,QWHJUDWLQJ(FRORJ\DQG8UEDQ'HVLJQ´LQChallengesQR

0LOOHU-+	3DJH6(Complex adaptive systems: an introduction to computational models of social life3ULQFHWRQ1-3ULQFHWRQ
8QLYHUVLW\3UHVV
0LWFKHOO:-Me++: the cyborg self and the networked city&DPEULGJH0$0,73UHVV
3LDJHW-The psychology of intelligence/RQGRQ5RXWOHGJH
5LWWHO+:-	:HEEHU00Dilemmas in a general theory of planning%HUNHOH\,QVWLWXWHRI8UEDQ	5HJLRQDO'HYHORSPHQW
8QLYHUVLW\RI&DOLIRUQLD
6DVVHQ6Global networks, linked cities1HZ<RUN5RXWOHGJH
6KHOGUDNH5A new science of life: the hypothesis of morphic resonance5RFKHVWHU973DUN6WUHHW3UHVV
6WHZDUW,Nature's numbers: the unreal reality of mathematics1HZ<RUN%DVLF%RRNV
